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The title compound, C31H27F3O7, is a liquid crystal and 
exhibits enantiotropic SmA and nematic phase transitions. In 
the crystal, the the 2//-chromene ring system makes dihedral 
angles of 54.46 (17) and 7.79 (16)°, respectively, with the 
central benzene ring and 4-(heptyloxy)benzene ring. The 
three F atoms of the -CF3 group are disordered over two sets 
of sites, with an occupancy ratio of 0.62 (3):0.38 (3). The 
crystal structre features two pairs of C— H- ■ O hydrogen 
bonds, which form inversion dimers and generate i?l(10) and 
i?2(30) ring patterns. C— H- ■ -O interactions along [100] and 
C— H- ■ -n interactions futher consolidate the packing, leading 
to a three-dimensional network. 

Related literature 

For similar structures, see: Palakshamurthy, Sreenivasa et al. 
(2013), Palakshamurthy, Devarajegowda et al. (2013). For 
graph-set notation for hydrogen bonds, see: Bernstein et al. 
(1995). 



Experimental 

Crystal data 

C31H27F3O7 
M, = 568.53 
Triclinic, PI 
a = 5.6810 (3) A 
b = 16.036 (2) A 
c = 16.2954 (18) A 
a = 68.940 (12)° 
= 88.914 (6)° 

Data collection 

Bruker APEXII CCD area-detector 
diffractometer 

Absorption correction: multi-scan 
(SADABS: Sheldrick, 2007) 
r„i„ = 0.966, r„„, = 0.981 

Refinement 

R[F^ > 2a(F^)] = 0.104 

wR{F^) = 0.316 

5 = 0.99 

4876 reflections 



Table 1 

Hydrogen-bond geometry (A, °). 



Y = 88.486 (7)° 

V = 1384.8 (3) A' 
Z = 2 

Mo Ka radiation 
II = 0.11 mm"' 
r = 296 K 

0.32 X 0.24 X 0.18 mm 



8822 measured reflections 
4876 independent reflections 
2837 reflections with / > 2cr(/) 
Rin, = 0.079 



399 parameters 

H-atom parameters constrained 
Ap„ax = 0.40 e A"' 
Ap„i„ = -0.42 e A"' 



Cgl and Cg2 are 


the centroids 


of the 


C12-C17 and C19- 


-C24 rings, 


respectively. 










D-H-A 


D-H 


H-A 


D-A 


D-H-A 


C3-H3-06' 


0.93 


2.53 


3.313 (5) 


142 


C8-H8-03' 


0.93 


2.44 


3.277 (4) 


150 


C16-H16- ■ 06" 


0.93 


2.45 


3.350 (5) 


163 


C14-H14- ■ -CgT" 


0.93 


2.81 


3.517 (5) 


133 


C23-H23- ■ -Cgl'" 


0.93 


2.94 


3.650 (5) 


134 



Symmetry codes: (i) —x, — _v + 2. —z + 1: (ii) x + 1, _v, z; (iii) — -y + 2, — v + 1, —z; (iv) 
-x+l,~y+l,-z. 

Data collection: APEX2 (Bruker, 2009); cell refinement: APEX2 
and SAINT- Plus (Bruker, 2009); data reduction: SAINT-Plus and 
XPREP (Bruker, 2009); program(s) used to solve structure: 
SHELXS97 (Sheldrick, 2008); program(s) used to refine structure: 
SHELXL97 (Sheldrick, 2008); molecular graphics: Mercury (Macrae 
et al, 2008); software used to prepare material for publication: 
SHEEXE97. 

The authors thank Professor T. N. Guru Row and Vijith- 
kumar. Solid State and Structural Chemistry Unit, Indian 
Institute of Science, Bangalore, for the data collection. BSPM 
thanks H. T. Srinivasa, Raman Research Institute, Bangalore, 
for his help with the characterization. 




Supplementary data and figures for this paper are available from the 
lUCr electronic archives (Reference: KJ2229). 
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4-[4-(Heptyloxy)benzoyloxy]phenyl 2-oxo-7-trifluoromethyl-2H-chromene-3- 
carboxylate 

H. C. Devarajegowda^ B. S. Palakshamurthy, H. N. Harishkumar^ P. A. Suchetan and S. 
Sreenivasa 

Comment 

As a part of our continued efforts to study the structure of coumarin based liquid crystals (LC), we report herein the 
crystal structure of 4-(4-(heptyloxy)benzoyloxy)phenyl 7-(trifluoromethyl)-2-oxo-2//-chromene-3-carboxylate (1), and its 
comparision with 4-(decyloxy)phenyl 7-(trifluoromethyl)- 2-oxo-2//-chromene-3-carboxylate (11), 4-(octyloxy)phenyl 2- 
oxo-2//-chromene-3 -carboxylate (111) (Palakshamurthy, Sreenivasa et al., 2013; Palakshamurthy, Devarajegowda et al, 
2013). The title compound, C31H27F3O7, is a liquid crystal (LC) exhibiting enantiotropic SmA, nematic phase transitions 
at 520.2(2.0), 522.7(2.7) on heating and at 519.6(2.0), 522.1(2.9) on cooling [The transition temperature in K and the 
associated enthalpy values in kJ mol-1 (m italics)] The asymmetric unit of 4-(4-(heptyloxy)benzoyloxy)phenyl 7-(tri- 
fluoromethyl)-2-oxo-2//-chromene-3-carboxylate is shown in Fig. 1. The three F atoms of the -CF3 group are disordered 
over two sets of sites with occupancy factors 0.62 (3):0.38 (3). The dihedral angle between the 2//-chromene ring and the 
benzene ring A in the compound 1 is 54.46 (17)°, compared to the observed values of 62.97 (2)°, 21.11 (1)° in compounds 
11 and 111 respectively. The crystal structre is stabilized by two pairs of C8 — H8 - 03 and C3 — H3 - 06 hydrogen bonds 
form inversion dimers and generate ^2^(10) and ^2^(30) ring patterns respectivly (Bernstein et al, 1995). The C16 — 
H16-06 contact and C— H-Cgl (centroid of C12— C17) and C— H-Cg2 (centroid of C19— C24) interactions further 
strengthen the packmg (Fig. 2, Fig.3). 

Experimental 

A mixture of 7-(trifluoromethyl)-2-oxo-2H-chromene-3-carboxylic acid (258 mg, 0.01 mmol), 4-hydroxyphenyl 
4-(heptyloxy)benzoate (358 mg, 0.01 mmol), N,N-dicyclohexylcarbodiimide (DCC) (210 mg, 0.012 mmol) and catalytic 
quantity of dimethylaminopyridimidine with anhydrous tetrahydroftiran (5 ml) was stirred for 24hrs at room temperature. 

The A'^A'-dicyclohexylurea formed was filtered off and the filtrate was diluted with dichloromethane (25 ml). This 
solution was washed successively with water (2 x 30 ml), 5% aqueous acetic acid (3 x 50 ml), water (3 x 50ml) and was 
then dried (Na2S04). The residue obtained on removal of solvent was chromatographed on silica gel and eluted with 
chloroform as an eluent. Removal of solvent from the eluate afforded a white solid material which was crystallized 
repeatedly fi-om ethanol to get colourless blocks. 

Refinement 

The H atoms bound to carbon were positioned with idealized geometry using a riding model with d(C-H) = 0.93- 0.97 A. 
All C-H atoms were refined with isotropic displacement parameters set to 1.2-1.5 (/eq(C). The Fl, F2, and F3 fluorine 
atoms of the -CF3 group were disordered over two sites and refined with site occupancy factors 0.62 (3):0.38 (3). 
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Computing details 

Data collection: APEX2 (Bniker, 2009); cell refinement: APEX2 and SAINT-Plus (Bruker, 2009); data reduction: SAINT- 
Plus and XPREP (Bruker, 2009); program(s) used to solve structure: SHELXS97 (Sheldrick, 2008); program(s) used to 
refine stmcture: SHELXL97 (Sheldrick, 2008); molecular graphics: Mercury (Macrae et al, 2008); software used to 
prepare material for publication: SHELXL97 (Sheldrick, 2008). 




Figure 1 

Molecular structure of the title compound, showing displacement ellipsoids drawn at the 50% probability level. Only the 
major component of the disordered CF3 group is shown. 



Figure 2 

Crystal packing of the title compound with hydrogen bonds drawn as dashed lines. 
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4-[4-(Heptyloxy)benzoyloxy] phenyl 2-oxo-7-trifluoromethyl-2H-chromene-3-carboxylate 



Crystal data 

C31H27F3O7 
M,.= 568.53_ 
Triclinic, PI 
Hall symbol: -P 1 
a = 5.6810 (3) A 
Z7= 16.036 (2) A 
c= 16.2954 (18) A 
a = 68.940 (12)° 
y»= 88.914 (6)° 
y = 88.486 (7)° 
F= 1384.8 (3) A3 
Z=2 

Data collection 

Bruker APEXII CCD area-detector 

diffractometer 
Radiation source: fine-focus sealed tube 
Graphite monochromator 
Detector resolution: 1.03 pixels mm ' 
phi and co scans 

Absorption correction: multi-scan 

{SADABS; Sheldrick, 2007) 
7^, = 0.966, r„ax = 0.981 

Refinement 

Refinement on 

Least-squares matrix: full 

i?[P>2o-(7^)] = 0.104 

wi?(i^) = 0.316 

5"= 0.99 

4876 reflections 

399 parameters 

0 restraints 

0 constraints 

Primary atom site location: structure-invariant 
direct methods 



F(000) = 592 
Blocks 

ft = 1.363 Mgm-3 

Melting point: 434 K 

Mo Ka radiadon, 1 = 0.71073 A 

Cell parameters from 2837 reflections 

(9 = 2.5-25° 

ju = OAl mm ' 

r=296K 

Block, colourless 

0.32 X 0.24 X 0.18 mm 



8822 measured reflections 
4876 independent reflections 
2837 reflections with / > 2a{I) 
7?„. = 0.079 
= 25.0°, 0 

mm • 

h = -6^6 
/c = -19^18 
/ = -19^17 



Secondary atom site location: difference Fourier 
map 

Hydrogen site location: inferred from 

neighbouring sites 
H-atom parameters constrained 

w^l/[cT^{F„^) + {0A9\SPy] 
where /' = (Po2 + 2F,2)/3 

(A/(7)„,ax< 0.001 

Ap„ax = 0.40 e A-3 
AyOmi„ = -0.42 e A-3 



Acta Cryst. (2013). E69, o1355-o1356 



sup-3 



supplementary materials 



Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full 
covariance matrix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and 
torsion angles; correlations between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. 
An approximate (isotropic) treatment of cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 
Refinement. Refinement of against ALL reflections. The weighted 7?-factor wR and goodness of fit S are based on F^, 
conventional i?-factors R are based on F, with F set to zero for negative F^. The threshold expression of 7^ > (t{F^) is used 
only for calculating i?-factors(gt) etc. and is not relevant to the choice of reflections for refinement. i?-factors based on F^ 
are statistically about twice as large as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A^) 





X 


y 




H *ITJ 


CI 


0.5018 (9) 


1.1195 (3) 


0.0428 (3) 


0.0728 (13) 


C2 


0.4321 (7) 


1.0781 (3) 


0.1360 (3) 


0.0538 (10) 


C3 


0.2160 (7) 


1.1040 (3) 


0.1631 (3) 


0.0580 (10) 


H3 


0.1172 


1.1448 


0.1225 


0.070* 


C4 


0. 1 5 1 8 (6) 


1.0687 (2) 


0.2499 (3) 


0.0519 (10) 


H4 


0.0076 


1.0854 


0.2679 


0.062* 


C5 


0.2991 (6) 


1.0080 (2) 


0.3119 (3) 


0.0459 (9) 


C6 


0.5150 (6) 


0.9843 (2) 


0.2825 (3) 


0.0470 (9) 


C7 


0.5806 (7) 


1.0184 (3) 


0.1946 (3) 


0.0566 (10) 


H7 


0.7228 


1.0009 


0.1758 


0.068* 


C8 


0.2469 (6) 


0.9689 (2) 


0.4027 (2) 


0.0450 (9) 


H8 


0.1043 


0.9838 


0.4234 


0.054* 


C9 


0.3928 (5) 


0.9114 (2) 


0.4601 (2) 


0.0442 (8) 


CIO 


0.6252 (6) 


0.8895 (2) 


0.4300 (3) 


0.0485 (9) 


Cll 


0.3301 (6) 


0.8718 (2) 


0.5537 (2) 


0.0446 (8) 


C12 


0.3494 (6) 


0.7435 (2) 


0.6811 (3) 


0.0465 (9) 


C13 


0.1534 (7) 


0.6919 (3) 


0.7119 (3) 


0.0547 (10) 


H13 


0.0419 


0.6868 


0.6730 


0.066* 


C14 


0.1256 (6) 


0.6483 (3) 


0.8005 (3) 


0.0551 (10) 


H14 


-0.0056 


0.6133 


0.8222 


0.066* 


C15 


0.2911 (6) 


0.6561 (2) 


0.8575 (3) 


0.0506 (9) 


C16 


0.4882 (7) 


0.7071 (3) 


0.8258 (3) 


0.0566 (10) 


H16 


0.6005 


0.7120 


0.8645 


0.068* 


C17 


0.5167 (6) 


0.7501 (3) 


0.7371 (3) 


0.0591 (11) 


H17 


0.6499 


0.7838 


0.7151 


0.071* 


C18 


0.0998 (6) 


0.6353 (3) 


0.9943 (3) 


0.0527 (10) 


C19 


0.1256(6) 


0.5916 (2) 


1.0887 (3) 


0.0481 (9) 


C20 


-0.0520 (6) 


0.6051 (3) 


1.1441 (3) 


0.0552 (10) 


H20 


-0.1829 


0.6408 


1.1195 


0.066* 


C21 


-0.0360 (6) 


0.5673 (3) 


1.2323 (3) 


0.0579 (10) 


H21 


-0.1572 


0.5764 


1.2676 


0.069* 


C22 


0.1589 (6) 


0.5149(2) 


1.2712(3) 


0.0482 (9) 


C23 


0.3373 (6) 


0.5008 (2) 


1.2179 (3) 


0.0521 (9) 


H23 


0.4680 


0.4652 


1.2430 


0.062* 


C24 


0.3204 (6) 


0.5393 (2) 


1.1281 (2) 


0.0491 (9) 


H24 


0.4419 


0.5303 


1.0930 


0.059* 


C25 


0.3583 (7) 


0.4275 (3) 


1.4026 (3) 


0.0586 (10) 



Occ. (<1) 
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U.4yo9 


(J. 4643 


1 '5 OT5 

1.3o /3 


A ATA* 
0.0 /U^ 




H25B 


0.3840 


0.3777 


1.3827 


A ATA rfs 

0.070* 




C26 


0.3225 (7) 


A A'> /'IN 

0.3932 (3) 


1.4994 (3) 


A A/TOO /I 1\ 

0.0633 (11) 




rlZoA 


A 1 AOO 


A l^OA 


1 ^ 1 /IT 

l.jl4/ 


A AT/;* 
U.U/0 




H2oB 


A T O AT 

U.zsUi 


0.4427 


1 C 1 O 1 

1.5181 


0.076* 




C27 


0.5406 (8) 


0.3461 (3) 


1.5475 (3) 


0.0638 (11) 




H2 /A 


A CO/CT 

O.Do6/ 


A '*)AA'2 

o.zyy3 


1.DZD4 


A ATT* 
0.0/ 




H27B 


0.6671 


0.3886 


1.5333 


A AT? sfc 

0.077* 




C28 


0.5177 (7) 


A O AC A \ 

U.3U5U (3) 


1.6459 (3) 


0.0624 (11) 




m o A 
Hz 6 A 


A 1 OO A 

O.iooU 




i.660y 


A ATC * 




H28B 


A /I O 1 A 

0.4810 


0.3517 


1.6691 


0.075* 




C29 


0.7420 (8) 


0.2550 (3) 


1 /'OAA /OX 

1.6890 (3) 


A C\/' /' /' f 

0.0666 (12) 




rlzyA 


A nnc^\ 

u. / /yi 


A or^oT 

o.zoy3 


1.004 J 


A AOA* 

O.OoO^ 




H29B 


0.8705 


0.2966 


1.6736 


A AOAA 

0.080* 




C30 


0.7303 (8) 


0.2118 (3) 


1.7865 (3) 


0.0759 (14) 




H30A 


0.5981 


0.1719 


1.8024 


A A A 1 sfc 

0.091* 




riiUrs 


A 'TAI T 
U. /Ul / 


U.zD /D 


1 oil/; 
l.ollo 


n A0 1 * 






A ACAT /"I A\ 
0.930/ (10) 


0.1590 (p) 


1 OCO 

l.SzDS (4) 


A 1 AO 

O.lOo (z) 




T TT 1 A 


A AOAA 

0.9800 


A 1 1 /I 1 

0.1141 


1 OA 1 /I 

1.8014 


A 1 ^O * 

0.162^^ 




HjlB 


A A'^ 1 O 

0.93 Iz 


A 1 T 

O.lJz / 


1 OOO /I 

1.0004 


A 1 /CI * 

0.162^^ 






1 A0 1 A 


A 1 OO/I 

u.iyy4 


1 01 0^ 
l.olZD 


A 1 ^O* 




Ul 


0.66 /D (4J 


O.yzDzz (1 /) 


A iAf\zn /I o\ 
0.34UD/ (lo) 


A AC/IA /''7\ 

0.0D4y (/) 




Uz 


yj.i 1 1 1 (D) 


U.6431 (Z) 


0.4 /oz (z) 


A f\n A A /I A\ 

O.U /44 (lU) 






u.zj ly 


A 01 TOO /"I 0\ 

u.yiiyy (lo) 


u.jyjD (z) 


A AA/1 /; ^0\ 

U.Uo4o (o) 




Uo 


A A^ 1 /; /'^^ 


U.Oooo (z) 


A O^TI /OA 
U.yj / I (Z) 


A A'70'7 /I A\ 
U.U /y / (lU) 




T? 1 

r 1 


U.D30 (4) 


1 A/CA/; /A\ 

l.Uo9o (9) 


A ATAA /0\ 

o.ozuy (o) 


A 1 1 A t Z\ 
U.l jU (3) 


0.6z (3J 


rz 


U.oUU (4) 


1 1 A/1 "5 /I A\ 

1.1943 (lU) 


A AO in 

u.uziy (o) 


A 1 OA /C\ 

U.izU (3) 


0.6z (3) 


■C"2 

r j 


0. 340 (zj 


l.lzol (lo) 


A A 1 /\n /I A\ 

—0.014/ (1(J) 


A 1 1 A tn\ 

u.iiy (/) 


0.6z (3) 


F1 A 


U. jOt \ l ) 




v.Wv*tZ O^ 


n 140 ^"1 n 

w. it^ ^/ 


U.JO ^ 


F2A 


0.731 (3) 


1.100 (2) 


0.0245 (10) 


0.143 (11) 


0.38 (3) 


F3A 


0.471 (6) 


1.2076 (13) 


0.0083 (16) 


0.140(10) 


0.38 (3) 


04 


0.3862 (5) 


0.78518 (16) 


0.59002 (17) 


0.0557 (7) 




07 


0.1577 (5) 


0.47897 (19) 


1.35995 (19) 


0.0611 (8) 




05 


0.2751 (4) 


0.61051 (18) 


0.94774 (17) 


0.0576 (7) 




Atomic displacement parameters (A^) 






yii ip3 






IP 


CI 


0.088 (3) 


0.074 (3) 0.056 (3) 


-0.002 (3) 


0.008 (3) 


-0.023 (2) 


C2 


0.063 (2) 


0.059 (2) 0.038 (2) 


-0.0074 (18) 


0.0065 (17) 


-0.0160(18) 


C3 


0.057 (2) 


0.058 (2) 0.051 (3) 


-0.0010(18) 


-0.0035 (18) 


-0.0096 (19) 


C4 


0.0464(19) 


0.052(2) 0.051 (2) 


0.0005 (16) 


0.0053 (16) 


-0.0110(17) 


C5 


0.0412 (17) 


0.0395 (18) 0.054(2) 


-0.0005 (14) 


0.0032 (15) 


-0.0130 (16) 


C6 


0.0469 (19) 


0.0453 (18) 0.047(2) 


0.0002 (15) 


0.0064 (16) 


-0.0154(17) 


C7 


0.052 (2) 


0.061 (2) 0.056(3) 


-0.0052 (18) 


0.0122 (18) 


-0.021 (2) 


C8 


0.0376 (17) 


0.0443 (18) 0.050(2) 


0.0004 (14) 


0.0087 (15) 


-0.0137 (17) 


C9 


0.0366 (17) 


0.0465 (19) 0.049 (2) 


0.0017(14) 


0.0058 (15) 


-0.0177 (16) 


CIO 


0.0400 (18) 


0.0465 (19) 0.051 (2) 


0.0026(15) 


0.0101 (16) 


-0.0080 (16) 


Cll 


0.0453 (18) 


0.0428 (18) 0.045 (2) 


0.0025 (14) 


0.0046(15) 


-0.0157(16) 


C12 


0.052 (2) 


0.0383 (17) 0.047 (2) 


0.0065 (15) 


0.0048 (16) 


-0.0134(16) 
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CI J 


U.Ujo [Z) 


A A^T t'^\ 
U.Uj / (/) 


A A/I 0 /OA 

U.U4o (Z ) 


A AATO /I TA 
— U.UU /Z (1 /) 


A AAO/; /I TA 

— U.UU30 (1 /) 


A Al CO /I OA 

—v.'jidZ (lo) 


r^i A 
Cl4 


U.UM (zj 


A A/C 1 

U.Uol (z) 


A A/IT /OA 

U.U4 / (z) 


A A 1 AO / 1 TA 

— U.UlUo (1 /) 


A AAO O / 1 TA 

V.Wii (1 /) 


AA1O0 /lOA 

—U.UlZi (lo) 




U.UDz (Z) 


A A/I A 

U.U4y (2) 


A A/I 1 /OA 
U.041 (z) 


A AAOA /I /lA 
U.UOSy (16) 


A AAO 1 /I /CA 

U.UU31 (16) 


A AA/CC / 1 /CA 

— U.U06D (16) 




A A^A 

U.UjU (Z) 


U.Uo3 (z) 


A ACC /lA 

U.Uj J (3) 


A A AAA /I TA 
U.UUUU (1 /) 


A AA/I /I /I TA 

— U.UU44 (1 /) 


A Al AC /I OA 

— u.uiyo (ly) 


CI / 


A A^l 
(J.U3J {Z) 


A A^O 

U.Ujz (z) 


A A/;o /lA 
U.Uoy (3 ) 


A AA/^/; /I TA 
— U.UUOO (1 /) 


A AAT1 /I AA 

U.UU / I (ly) 


A Al 0 /OA 

—U.Ulo (z) 


^ 1 o 


A ACA /0\ 

U.UM) (Z) 


A AC £ 

O.UDO (z) 


A A/l O /OA 
U.U46 (Z) 


A AAO O /I TA 
U.WZ6 (1 /) 


A AAO 1 /I TA 

U.UUzl (1 /) 


A A100 /10A 

— U.U130 (lo) 




0.04 /y (ly) 


U.U4/4 (ly) 


A A/l 1 /OA 

U.U43 (z) 


A AA1 A /I CA 
U.UUlU (1 J) 


A AAO /I /I /CA 

U.UUz4 (16) 


A Al A A /I /CA 

— U.UIUU (16) 


C2U 


A A/1 /I 0\ 

u.u45y (lyj 


A A^O 

U.Uoz (z j 


A AC! /OA 

U.Uj3 (Z ) 


A A 1 '2 A /I TA 
U.U13U (1 /) 


a aaac /i ta 
— U.UUUD (1 /) 


A A 1 C 0 /I OA 

— u.uiDo (ly) 


r^o 1 


A A^A 

U.UjU (zj 


A AT 1 /'OA 
U.U/1 (Z) 


A ACA /OA 

U.UjU (z ) 


A AAQQ /I OA 

U.UUoo (lo) 


A AAOO /I TA 

u.uuys (1 /) 


A AOA /OA 

— U.UZU (Z) 




A A/I TC /I A\ 

U.U4/D (ly) 


U.U4/D (ly) 


A A/l /OA 

U.U4o (z) 


A AA 1 O / 1 CA 

— U.UU13 (Id) 


A AAO 0 / 1 /CA 

U.UU33 (16) 


A A10A /i/:a 

— u.uizy (16) 


Czj 


A A/I 1 /I /"I 0\ 

(J.0414 (18) 


A ACC ^'^\ 

0.0D3 (z) 


A ACC /"lA 

U.UD3 (3) 


A AAAO /I CA 

\j.WyZ (ID) 


A AAAO /I /CA 

— U.UUUo (16) 


A Al CT /I OA 

— U.UlD / (lo) 




A A/I /I O /I C>\ 

U.U44o (lo) 


A AC O /0\ 

U.UDo (z) 


A A/1 1 /OA 

U.U41 (Z) 


A AA/1 O / 1 CA 

U.UU4z (Id) 


A AA/1 /I / 1 CA 

U.UU44 (Id) 


A A 1 /I /C /I TA 
— U.U146 (1 /) 




U.Uoz (z) 


A A/^/l 

U.Ud4 (z) 


A A/10 /'2A 

U.U4y (3 ) 


A A 1 AO / 1 OA 

U.UlUo (lo) 


A AAO /I /I OA 

U.UUz4 (lo) 


A Al OQ /I AA 

— u.uloo (ly) 


Czo 


A AT3 

U.U/3 (3j 


U.06y (3) 


A A/l C /'2A 

U.U43 (3) 


A AAO /OA 

U.UU3 (z) 


A AA/1 /OA 
U.UU4 (2) 


A Al T /OA 

—U.Ul / (z) 




A A'n 

U.U/z (3j 


A A^T /0\ 

U.Uoz (z) 


A AC ^ /O A 

U.Ujo (3) 


A AAT /OA 

U.UU / (z) 


A AAA /OA 

U.UUU (z) 


A AO 1 /OA 

— U.Uzl (z) 


Czo 


A AT A 
U.U/4 (3j 


U.Uoo (z) 


A A/1 A /OA 

U.U44 (z) 


A AAO /OA 

U.UUo (z) 


A AAO /OA 

U.UUz (z) 


A A 1 T /I /I AA 

—U.Ul /4 (ly) 


Czy 


A AT7 


A A^O 

U.Uoo (3 ) 


A ACO /'2A 

U.Ujz (3 ) 


A A 1 A /OA 

U.UlU (z) 


A AAA /OA 

U.UUU (z) 


A AO 1 /OA 

—U.Uzl (z) 


C3U 


A AT^ /-IX 
(J.0/0 (3) 


A AO /I 

U.U84 (3) 


A AC/C /"JA 

U.Ud6 (3) 


A AA/C /OA 

U.UU6 (z) 


A AAO /OA 

— U.UU3 (z) 


A Al 0 /OA 

—U.U 13 (z) 




A AO O \ 

U.Uoo (3j 


A 1 CA /C\ 

U. IdU (3) 


A A/:/C //I A 

U.Uoo (4) 


A AO ^ /OA 

U.U36 (3) 


A AAO /OA 
— U.UU3 (3) 


A AIT / A\ 

—U.Ul / (4) 


Ul 


A A/I^A ^1 '2\ 

U.U40U (13 j 


A A/^AC /"l 

U.Uouj (lo) 


A ACO/; /I TA 

U.Ujzo (1 /) 


A AAO/; /I 1 A 

U.UUoo (11) 


A Al OO /I OA 

U.Ulzz (Iz) 


A Al /lO /I OA 

— U.U14y (13 ) 


Uz 


A A/I /I 

U.U435 (IDJ 


A AQO /OA 

U.Uoz (z) 


A ATO /OA 

U.U/z (z) 


A Al /;t /1 /IA 

U.UlO/ (14) 


A AA/1 1 /1 /IA 
U.UU41 (14) 


A AAAO /I TA 

—U.UUUo (1 /) 


Uo 


A AT /I A /I 0\ 

U.U/4U (loj 


u.ujyj (lo) 


A ACO^ /I AA 

U.U5o3 (ly) 


A A1 00 /1 '2A 
U.Uloz (13) 


A Al 1 /I /1 /IA 

U.U114 (14) 


A AOA/C /I /I A 
— U.UzUo (14) 


(Jo 


A AT1 1 /^l A\ 

U.U/33 (ly) 


A AAT /0\ 

u.uy / (z) 


A ACA /OA 

u.uiy (z) 


A AO ^O /I TA 
U.U3DZ (1 /) 


A AAOO /I CA 

—U.UUoo (ID) 


A A 1 TA / 1 TA 

—U.Ul /y (1 /) 


r 1 


U.lol (Izj 


A 1 OA /"TA 

U.lzU (/) 


A 1 AT /TA 

U.1U3 (/) 


A A 1 T /TA 
U.Ul / (/) 


A A/;/; /TA 

U.Uoo (/) 


A A/IA /CA 
— U.U4U (D ) 


rz 


u. lyi (13J 


A AQC /'n\ 
U.UoD (/) 


A ATT /CA 
U.U / / (J) 


A AA/l /OA 
U.U04 (0) 


A A/IT /TA 
U.U4 / ( /) 


A A1 Q /CA 
U.Ulo (D ) 


r j 


A 1 ^ /I 
U.lz4 (/) 


A oil /10A 

U.zll (lo) 


A A/1 A //I A 

U.U4y (4) 


A A/1 O /OA 

— U.U4o (o) 


A A 1 /; //I A 

— U.Ulo (4) 


A AAO /OA 

—U.UUz (o) 


"CIA 


U.zo (3) 


A 1/10 
U.14z (lo) 


A ACA /lOA 

u.ujy (1/) 


A ACC /10A 

— U.Udd (13) 


A AAA / 1 1 A 
U.UUU (11) 


A A/1 O / I OA 

— U.U4o (Iz) 


F2A 


0.077 (7) 


0.23 (3) 


0.047 (6) 


0.004 (10) 


0.025 (5) 


0.041 (10) 


F3A 


0.194(19) 


0.086 (8) 


0.089 (10) 


0.059 (13) 


0.059 (12) 


0.026 (7) 


04 


0.0720 (17) 


0.0430 (14) 


0.0482 (17) 


0.0063 (12) 


0.0114(13) 


-0.0126 (12) 


07 


0.0623 (16) 


0.0725 (18) 


0.0451 (17) 


0.0126(13) 


0.0021 (12) 


-0.0179(14) 


05 


0.0637 (16) 


0.0617(16) 


0.0388 (15) 


0.0136(12) 


0.0025 (12) 


-0.0089 (12) 



Geometric parameters (A, °) 



CI— F2 


1.268 (9) 


C17— H17 


0.9300 


CI— F3 


1.268 (14) 


C18— 06 


1.204 (4) 


CI— Fl 


1.302 (12) 


C18— 05 


1.376 (5) 


CI— FIA 


1.31 (3) 


CI 8— 05 


1.376 (5) 


CI— F3A 


1.328 (17) 


C18— C19 


1.451 (5) 


CI— F2A 


1.379 (18) 


C19— C24 


1.390 (5) 


CI— C2 


1.473 (6) 


C19— C20 


1.405 (6) 


C2— C7 


1.368 (5) 


C20— C21 


1.349 (5) 


C2— C3 


1.399 (6) 


C20— H20 


0.9300 


C3— C4 


1.367 (6) 


C21— C22 


1.389 (5) 


C3— H3 


0.9300 


C21— H21 


0.9300 


C4— C5 


1.397 (5) 


C22— 07 


1.351 (5) 


C4— H4 


0.9300 


C22— C23 


1.389 (6) 


C5— C6 


1.401 (5) 


C23— C24 


1.373 (5) 


C5— C8 


1.412(5) 


C23— H23 


0.9300 
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C6— 01 
C6— C7 
C7— H7 
C8— C9 
C8— H8 
C9— Cll 
C9— CIO 

CIO— 02 

CIO— 01 
Cll— 03 
Cll— 04 
C12— C17 
C12— C13 
C12— 04 
C13— C14 
C13— H13 
C14— C15 
C14— H14 
C15— C16 
CI 5— 05 
CI 5— 05 
C16— C17 
C16— H16 



1.373 (4) 
1.385 (5) 
0.9300 
1.334 (5) 
0.9300 
1.467 (5) 
1.477 (5) 
1.197(4) 
1.379 (5) 
1.212(5) 
1.332 (4) 
1.362 (5) 
1.381 (5) 
1.405 (4) 
1.368 (5) 
0.9300 
1.372 (5) 
0.9300 
1.383 (5) 
1.390 (4) 
1.390 (4) 
1.368 (6) 
0.9300 



C24— H24 
C25— 07 
C25— C26 
C25— H25A 
C25— H25B 
C26— C27 
C26— H26A 
C26— H26B 
C27— C28 
C27— H27A 
C27— H27B 
C28— C29 
C28— H28A 
C28— H28B 
C29— C30 
C29— H29A 
C29— H29B 
C30— C31 
C30— H30A 
C30— H30B 
C31— H31A 
C31— H31B 
C31— H31C 



0.9300 

1.425 (4) 

1.484 (5) 

0.9700 

0.9700 

1.512(6) 

0.9700 

0.9700 

1.503 (6) 

0.9700 

0.9700 

1.528 (6) 

0.9700 

0.9700 

1.488 (6) 

0.9700 

0.9700 

1.505 (7) 

0.9700 

0.9700 

0.9600 

0.9600 

0.9600 



F2— CI— F3 
F2— CI— Fl 
F3— CI— Fl 
F2— CI— FIA 
Fl— CI— FIA 
F3— CI— F3A 
Fl— CI— F3A 
FIA— CI— F3A 
F2— CI— F2A 
F3— CI— F2A 
FIA— CI— F2A 
F3A— CI— F2A 
F2— CI— C2 
F3— CI— C2 
Fl— CI— C2 
FIA— CI— C2 
F3A— CI— C2 
F2A— CI— C2 
C7— C2— C3 
C7— C2— CI 
C3— C2— CI 
C4— C3— C2 
C4— C3— H3 
C2— C3— H3 
C3— C4— C5 



107.6 (10) 

104.7 (8) 
100.0(12) 
130.1 (13) 
82.3 (17) 
77.9(13) 
128.4 (10) 
103.1 (17) 
77.5 (10) 
118.2(12) 
107.4 (19) 

107.3 (12) 

114.1 (6) 

117.8 (8) 

111.0 (6) 
108.6 (14) 
115.2(10) 

114.4 (7) 

121.3 (4) 

120.2 (4) 

118.4 (4) 

119.3 (3) 
120.3 
120.3 

121.1 (4) 



06— CI 8— 05 

06— C18— C19 
05— CI 8— C 19 
05— CI 8— C 19 
C24— C19— C20 
C24— C19— C18 
C20— C19— C18 
C21— C20— C19 
C21— C20— H20 
C19— C20— H20 
C20— C21— C22 
C20— C21— H21 
C22— C21— H21 

07— C22— C23 
07— C22— C21 
C23— C22— C21 
C24— C23— C22 
C24— C23— H23 
C22— C23— H23 
C23— C24— C19 
C23— C24— H24 
C19— C24— H24 
07— C25— C26 
07— C25— H25A 
C26— C25— H25A 



121.0(4) 
126.5 (4) 
112.5 (3) 
112.5 (3) 
117.6(4) 
123.9 (4) 
118.5 (3) 

121.2 (3) 
119.4 
119.4 
120.9 (4) 
119.6 
119.6 

124.3 (3) 
116.5 (3) 

119.1 (4) 
119.9(3) 
120.1 
120.1 

121.4 (4) 
119.3 
119.3 

110.2 (3) 
109.6 
109.6 
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C3 — C4 — H4 


119.4 


07 — C25 — H25B 


109.6 


C5 — C4 — H4 


119.4 


C26 — C25 — ^H25B 


109.6 


C4 — C5 — Co 


118.0 (4) 


TT*^^ A f~^f^ C TTi^^T^ 

H25A — C25 — H25B 


108.1 


/~10 

C4 — C5 — C8 


124.7 (3) 


r^'^c i^'^n z^'^T 

C25 — C26 — C27 


111 A /' A\ 

111.9 (4) 


Co — C5 — C8 


117.3 (3) 


C25 — C26 — H26A 


109.2 


Ol — Co — C7 


117.9 (3) 


C27 — C26 — H26A 


109.2 


01 — C6 — C5 


120.6 (3) 


i^>^C TTI/'T^ 

C25 — C26 — ^H26B 


109.2 


C7 — Co — C5 


121.5 (3) 


C27 — C26 — H26B 


109.2 


L2 — C7 — Co 


118.7 (4) 


H26A — C26 — H26B 


107.9 


C2 — C7 — H7 


120.7 


C28 — C27 — C26 


115.8 (4) 


/"I/' /"^T TTT 

Co — C7 — H7 


120.7 


/~l'**0 /~^'*>'7 TT'^T A 

C28 — C27 — H27A 


1 AO 0 

108.3 


C9 — C8 — C5 


123.0 (3) 


C26 — C27 — H27A 


108.3 


f~^f\ f^O TTO 

C9 — C8 — H8 


118.5 


C28 — C27 — H27B 


108.3 


i^C> TTO 

C5 — C8 — ^H8 


118.5 


/' r\ -7 TT'^'TT^ 

C26 — C27 — H27B 


108.3 


C8 — C9 — Cll 


121.1 (3) 


H27A — C27 — H27B 


107.4 


C8 — C9 — CIO 


119.8 (3) 


Cll — C28 — C29 


112.5 (4) 


Cll — C9 — CIO 


119.1 (3) 


r^'~\n /^oo jj'~\o A 


1 A A 1 

109.1 


02 — CIO — Ol 


118.2 (3) 


/~"^A /~l'^fJ TT'^O A 

C29 — C28 — H28A 


109.1 


02 — CIO — C9 


125.7 (4) 


C27 — C28 — H28B 


109.1 


Ol — CIO — C9 


116.0 (3) 


C29 — C28 — H28B 


109.1 


03 — Cll — 04 


123.4 (4) 


TT'^O A f^'^O TT'^OT^ 

H28A — C28 — H28B 


1 AT 0 

107.8 


03 — Cll — C9 


122.8 (3) 


/~11A /~*'^A /T^O 

C30 — C29 — C28 


115.2 (4) 


04 — Cll — C9 


113.7 (3) 


z~^'^ r\ z^^f\ Tyyfx a 

C30 — C29 — H29A 


108.5 


C17 — C12 — C13 


121.2 (4) 


C28 — C29 — H29A 


108.5 


C17 — C12 — 04 


119.0 (3) 


/~iOA f^'^C\ TT'^AT^ 

C30 — C29 — H29B 


1 AO C 

108.5 


C13 — C12 — 04 


119.7 (3) 


C28 — C29 — H29B 


108.5 


y^ 1 H y^ 1 1 y^ 1 

C14 — C13 — C12 


119.1 (3) 


H29A — C29 — H29B 


107.5 


C14 — C13 — H13 


120.5 


C29 — C30 — C31 


113.4 (5) 


C12 — C13 — ^H13 


1 '^A C 

120.5 


/~i'*\A y— < A TTOA A 

C29 — C30 — H30A 


1 AO A 

108.9 


C13 — C14 — C15 


120.1 (3) 


C31 — C30 — H30A 


108.9 


C13 — C14 — ^H14 


120.0 


C29 — C30 — H30B 


108.9 


TT1>1 

C15 — C14 — ^H14 


1 '^A A 

120.0 


1 /~1'>A TTIAT^ 

C31 — C30 — H30B 


1 AO A 

108.9 


C14 — C15 — C16 


1 '^A >1 

120.4 (4) 


TTT^A A /~<1A TTIAT^ 

H30A — C30 — H30B 


107.7 


C14 — C15 — 05 


\T12 (3) 


C30 — C31 — H31A 


109.5 


y^ 1 y^ /~1 1 C ^ 

Clo — CI 5 — 05 


117.3 (3) 


C30 — C31 — H31B 


109.5 


C14 — C15 — 05 


122.2 (3) 


TT1 1 A 1 TTO 1 

H31A — C31 — H31B 


1 AA C 

109.5 


Clo — C15 — 05 


117.3 (3) 


C30 — C31 — H31C 


109.5 


1 ^ y^ 1 y' /~y 1 ^ 

C17 — Clo — C15 


119.5 (4) 


H31A — C31 — H31C 


109.5 


C17— C16— H16 


120.3 


H31B— C31— H31C 


109.5 


C15— C16— H16 


120.3 


C6— 01— CIO 


123.1 (3) 


C12 — C17 — Clo 


1 1 A O \ 

119.8 (3) 


Cll — 04 — C12 


117.5 (3) 


C12 — C17 — H17 


120.1 


C22 — 07 — C25 


110 O /OX 

118.3 (3) 


Clo — C17 — H17 


1 '^A 1 

120.1 


CI8 — 05 — C15 


118.6 (3) 


Oo — C18 — 05 


121.0 (4) 






F2— CI— C2— C7 


-93.5 (14) 


05— C15— C16— C17 


177.2 (3) 


F3— CI— C2— C7 


139.0(15) 


C13— C12— C17— C16 


-1.9(6) 


Fl— CI— C2— C7 


24.5 (13) 


04— C12— C17— C16 


-177.4 (3 


FIA— CI— C2— C7 


113 (2) 


C15— C16— C17— C12 


1.0 (6) 
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Y 3 A — L 1 — Cz — C 7 


—132 (2) 


r z A — C i — Cz — C 7 


—6.6 (19) 


■C^ 

r z — C 1 — Cz — C3 


O /I 1 I \ A\ 

o4.1 (14) 


r 3 — CI — Cz — C3 


—43.4 (16) 


r 1 — C 1 — Cz — C3 


—157.9 (12 


1^ lA — Ci — Cz — C3 


-69 (2) 


r 3 A — C 1 — Cz — C3 


46 (2) 


l^zA — Cl — Cz — C3 


170.8 (19) 


C / — Cz — C3 — C4 


— U.z (6) 


C 1 — C2 — C 3 — C4 


1 nn n { a\ 

(4) 


L,2 — C3 — C4 — C5 


0.6 (6) 


/"'/I /^C /^zC^ 

C3 — C4 — C5 — Co 


U.U (5) 


/^C /^O 

C3 — C4 — C3 — Co 


1 /9. / (3j 


C4 — C5 — Co — 0 1 


1 TA T /TX 

179.7 (3) 


C8 — C5 — C6 — 0 1 


0.0 (5) 


/~^c 

C4 — C5 — Co — C7 


-1.1 (5) 


/^O /^/C /^T 

Co — C5 — Co — C / 


1 TA O \ 

1 /9.2 (3; 


/"'T r^n e~^£. 

C3 — C2 — C7 — Co 


A A 

—0.9 (6) 


C 1 — C2 — C7 — Co 


176.6 (4) 


r~\\ /~"7 r^'^ 

0 1 — Co — C7 — C2 


1 TA 1 \ 

—179.3 (3) 


^/C /^T 

CD — Co — C / — Cz 


1.6 (6) 


C4 — C5 — C8 — C9 


—179.7 (3) 


C6 — C5 — CS — C9 


0.0 (5) 


C5 — Co — C9 — C 1 1 


—179.5 (3) 


CD — Co — C9 — Cil) 


2.8 (5) 


C 5 — C 9 — C 1 0 — 02 


173.4 (4) 


C 1 1 — C9 — C 1 0 — 02 


-4.3 (6) 


Co — C9 — C 1 0 — 0 1 


—5.6 (5) 


Cll — C9 — ClU — Ui 


1 /6. / (i) 


Co — C9 — Cll — 03 


-40.1 (5) 


CIO — C9 — Cll — 03 


137.6 (4) 


r^o r^[\ e~^-\ i r\A 

Co — C9 — Cll — 04 


138.4 (3) 


CIO — C9 — Cll — U4 


—43.9 (4) 


C17 — C12 — C13 — C14 


1.4 (6) 


04 — C12 — C13 — C14 


176.9 (3) 


r^A*^ ^i-i /"'i/i 

C12 — Ci J — C14 — Ci J 


A A iC\ 

0.0 (6) 


C13— C14— C15— C16 


-0.8 (6) 


C13— C14— C15— 05 


-177.5 (4) 


C13— C14— C15— 05 


-177.5 (4) 


014— C15— 016— €17 


0.4 (6) 


05—015—016—017 


177.2 (3) 



06— 018— 019— 024 -171.3(4) 

05—018—019—024 7.5 (5) 

05— 018—019—024 7.5 (5) 

06— 0 1 8—0 1 9— O20 6.4 (6) 
05—018—019—020 -174.8(3) 
05—018—019—020 -174.8 (3) 

024— 019—020—021 -1-3(6) 

018— 019— O20— 021 -179.1 (3) 

019— C20— 021— 022 1.1 (6) 

020— 021—022—07 -179.2 (3) 

020— 021—022—023 -0.9(6) 

07— 022— C23— 024 179.1 (3) 

021— 022—023—024 0.8 (6) 

022— 023—024—019 -1.1 (6) 

020— 019—024—023 1.3 (5) 

018— 019—024—023 178.9(3) 
07—025—026—027 -174.3 (3) 

025— 026—027—028 -177.1 (3) 

026— 027—028—029 177.3 (4) 

027— 028—029—030 -179.4 (4) 

028— 029—030—031 177.3 (5) 
07—06—01—010 177.5 (3) 

05— 06—01—010 -3.3 (5) 

02— 010—01—06 -173.3 (3) 
09—010—01—06 5.9 (5) 

03— 011—04—012 -6.4(5) 
09— Oil— 04— 012 175.1 (3) 
0 1 7-0 1 2-04-0 11 -83 .4 (4) 

013— 012—04—011 101.0(4) 

023— 022—07—025 4.0 (5) 

021— 022— 07— 025 -177.7 (3) 
026—025—07—022 -179.4 (3) 

06— 018—05—05 0.0(10) 

0 1 9- 0 1 8— 05— 05 0.0 (9) 
06—018—05—015 7.6 (6) 
05—018—05—015 0(100) 
019—018—05—015 -171.3(3) 
016—015—05—05 0.0 (8) 

014— 015—05—018 -69.4 (5) 
016—015—05—018 113.8(4) 
05—015—05—018 0(100) 



Hydrogen-bond geometry (A, °) 








Cgl and Cg2 are the centroids of the C12-C17 and C19-C24 rings, respectively. 








Z>— H-v4 Z)— H 




D-A 


D—Yi-A 


03— H3-06' 0.93 


2.53 


3.313(5) 


142 


08— H8-03' 0.93 


2.44 


3.277 (4) 


150 


016— H16-06" 0.93 


2.45 


3.350 (5) 


163 
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C24— H24-05 0.93 2.45 2.759(5) 100 

C14— H14-Cg2'" 0.93 2.81 3.517 (5) 133 

C23— H23-Cgl'^ 0.93 2.94 3.650(5) 134 

Symmetry codes: (i) -x, -y^2, -z+1; (ii);c+l,>', z; (iii) -r+-2, -p-l, -z; (iv) -y+l, -z. 
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